Prediction of gas hold-up for alcohol solutions in a draft-tube bubble column by Albijanić Boris V. et al.
UDC 66.026.2:54-145:663.51
APTEFF, 37, 1-192 (2006) BIBLID: 1450–7188 (2006) 37, 71-82
2ULJLQDOVFLHQWL¿FSDSHU
71
%RULV$OELMDQLü %6F$VVLVW 'U 0LUMDQD 'MXULü 3URI 'U 'UDJDQ 3HWURYLü$VVRF 3URI 'U 0LR ü%6F$VVLVW'U0LUMDQD'MXULü3URI'U'UDJDQ3HWURYLü$VVRF3URI'U0LR
GUDJ7HNLü3URI8QLYHUVLW\RI1RYL6DG)DFXOW\RI7HFKQRORJ\1RYL6DG%XOHYDU&DUD
/D]DUD6HUELD
PREDICTION OF GAS HOLD-UP FOR ALCOHOL SOLUTIONS
IN A DRAFT- TUBE BUBBLE COLUMN
%RULV9$OELMDQLü 0LUMDQD 6 ĈXULü 'UDJDQ /M 3HWURYLü DQG 0LRGUDJ 1 7HNLü 0LUMDQD6ĈXULü 'UDJDQ /M 3HWURYLü DQG 0LRGUDJ 1 7HNLü ü 'UDJDQ /M 3HWURYLü DQG 0LRGUDJ 1 7HNLü 'UDJDQ /M 3HWURYLü DQG 0LRGUDJ 1 7HNLü 'UDJDQ/M3HWURYLüDQG0LRGUDJ 1 7HNLü 0LRGUDJ17HNLü ü
7KLVSDSHUGHDOVZLWKWKHSUHGLFWLRQRIWKHRYHUDOOJDVKROGXSİ JLQWKHGLOXWHG
VROXWLRQVRI&1&4DOFRKROVLQGUDIWWXEHEXEEOHFROXPQE\DSSO\LQJVHYHUDOQHZO\
SURSRVHGFRUUHODWLRQVDQGVRPHRIWKHZHOONQRZQHTXDWLRQV([SHULPHQWVZHUHFDUULHG
RXWLQDFROXPQFRQVLVWLQJRIWZRFRD[LDOJODVVWXEHVZLWKDVLQJOHVSDUJHU*DVSKDVH
ZDVDLUZKLOHWKHOLTXLGSKDVHVZHUHDTXHRXVVROXWLRQVRIDOFRKROVLQFRQFHQWUDWLRQVRI
ZZDQGZZ2YHUDOOJDVKROGXSZDVGHWHUPLQHGE\DSSO\LQJYROXPHH[SDQVLRQ
WHFKQLTXH7KHIROORZLQJRUGHUIRUİJYDOXHVZDVREVHUYHGZDWHUPHWKDQROHWKDQRO
QSURSDQROQEXWDQRO&RQFHQWUDWLRQRIWKHDSSOLHGDOFRKRODSSHDUHGWREHOHVV
VLJQL¿FDQWWKDQWKHVRUWRIDOFRKROLWVHOI7KHEHVWQHZO\SURSRVHGFRUUHODWLRQHQDEOHV
SUHGLFWLQJ RI RXU H[SHULPHQWDO GDWD ZLWK WKH DYHUDJH VTXDUH GHYLDWLRQ RI HPSLULFDO
IRUPXODV2 (
.(<:25'6*DVKROGXSSUHGLFWLRQFRUUHODWLRQVGLOXWHGDOFRKROV
,1752'8&7,21
%XEEOHFROXPQVDUHZLGHO\XVHGLQHQYLURQPHQWDOHQJLQHHULQJDQGLQWKHFKHPL-
FDOELRFKHPLFDODQGIRRGLQGXVWULHV3K\VLFDOSURSHUWLHVRIFROXPQFRQWHQWSDUWLFXOD
UO\VXUIDFHWHQVLRQDIIHFWVLJQL¿FDQWO\JDVKROGXSDQGRWKHUUHODWHGSKHQRPHQD+HQFH
WKHHIIHFWRIVPDOOFRQWHQWVRIDOFRKROVRQWKHJDVKROGXSKDVEHHQH[WHQVLYHO\LQ-
YHVWLJDWHG2QWKHRWKHUKDQGFRUUHODWLRQVRIJDVKROGXSYDOXHVDUHYHU\XVH
IXOLQPRGHOLQJRIFROXPQK\GURG\QDPLFV6RDJUHDWQXPEHURIUHSRUWHGİg-correlations
FDQEHIRXQGPRVWO\LQDGLPHQVLRQOHVVIRUPDVSURSRVHGE\$NLWDDQG<RVKLGD6DGD
HWDO6FKXPSHDQG'HFNZHU0RX]DHWDO+LNLWDHWDODQG=RXHWDO
&HUWDLQQXPEHURIFRUUHODWLRQVZDVGHULYHGE\VWDWLVWLFDOSURFHVVLQJRIH[SHULPHQWDOGDWD72
EDVHGRQHPSLULFDOO\VHOHFWHGIXQFWLRQVDVSURSRVHGE\+XJPDUN+LNLWDDQG.LNX-
NDZD.XPDUHWDO5HLOOH\HWDODQG(OJR]DO\HWDO6RPHFRUUHODWLRQV
GRQRWFRQWDLQWKHVXUIDFHWHQVLRQVXFKDVVXJJHVWHGE\-RVKLDQG6KDUPD.RLGHHW
DO*RGEROHHWDODQG.DZDVHDQG0RR<RXQJ7KLVSDSHULVFRQFHUQHG
ZLWKWKHRYHUDOOJDVKROGXSSUHGLFWLRQLQWKHFDVHRIGLOXWHGVROXWLRQVRI&1-C4DOFRKROVLQ
GUDIWWXEHEXEEOHFROXPQE\DSSO\LQJVHYHUDORIERWKQHZO\VXJJHVWHGFRUUHODWLRQVDQGD
QXPEHURIZHOONQRZQHTXDWLRQVGHYHORSHGE\RWKHUDXWKRUV
(;3(5,0(17$/
([SHULPHQWVZHUHFDUULHGRXWLQDFROXPQ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PEHQHDWKWKHFHQWUDOGUDIWWXEH7KHOHYHORIOLTXLGLQWKHFROXPQZDVFPDERYHWKH
WRSRIWKHGUDIWWXEH*DVSKDVHZDVDLUZKLOHWKHOLTXLGSKDVHVZHUHEHVLGHWDSZDWHUDQG
DTXHRXVVROXWLRQVRIPHWKDQROHWKDQRO nSURSDQRODQGQEXWDQROZKRVHFRQFHQWUDWLRQV
ZHUHZZDQGZZ$OOH[SHULPHQWVZHUHUHSHDWHGWZLFHDQGPHDQYDOXHRIWZR
UHVXOWVZDVXVHGIRUIXUWKHUDQDO\VLV
2YHUDOOJDVKROGXSZDVGHWHUPLQHGE\DSSO\LQJYROXPHH[SDQVLRQWHFKQLTXHEDVHG
RQPHDVXUHPHQWRIYROXPHVRIERWKJDVOLTXLGGLVSHUVLRQXSRQWKHDHUDWLRQ4glDQGWKH
XQDHUDWHGOLTXLGSKDVH4l7KHRYHUDOOJDVKROGXSZDVFDOFXODWHGE\DSSO\LQJWKHIRO-
ORZLQJHTXDWLRQ
Fig.16FKHPDWLFGLDJUDPRIWKHH[SHULPHQWDOVHWXS73
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ZKHUH$GHQRWHVWKHFROXPQWRWDOFURVVVHFWLRQDUHDZKLOHǻ+glLQGLFDWHVWKHGLIIHUHQFH
EHWZHHQWZRKHLJKWVDHUDWHGDQGXQDHUDWHGOLTXLGSKDVH7KHUHSURGXFLELOLW\RIRYHUDOO
JDVKROGXSZDV
&RQFHUQLQJSK\VLFDOSURSHUWLHVRIWKHLQYHVWLJDWHGV\VWHPVWKHVXUIDFHWHQVLRQZDV
PHVXUHGE\WKHQXPEHURIGURSVPHWKRGXVLQJD*RHW]HǯVVWDODJPRPHWHUZLWKDQDYHUDJH
HUURURIZKHUHDVGHQVLW\ZDVPHDVXUHGXVLQJDGHQVLWRPHWHU$33$$5'0$
ZLWKNJP3DFFXUDF\$OOH[SHULPHQWVZHUHFDUULHGRXWDWo&oC.
5(68/76$1'',6&866,21
2YHUDOOJDVKROGXS
3URSHUWLHVRIWKHV\VWHPVDQGJDVKROGXSYDOXHVDUHSUHVHQWHGLQ7DEOHDQG)LJ
Table 1.3K\VLFDOSURSHUWLHVRILQYHVWLJDWHGV\VWHPVDWoC
System 'HQVLW\ȡl,
kg m-3
Surface tension 
ıl, 103, Pa s
WDSZDWHU 998.2 72.75
PHWKDQRO

996.9
996.3
71.52
68.27
HWKDQRO

997.2
996.3
69.37
66.29
QSURSDQRO

997.3
996.4
65.41
61.82
QEXWDQRO

997.2
996.6
57.23
47.66
7KHUHVXOWVVXJJHVWWKDWWKHRYHUDOOKROGXSLQFUHDVHVZLWKLQFUHDVHRIWKHJDVVX-
SHU¿FLDOYHORFLW\IRUDOOVRUWVRIDOFRKRO7KLVLQFUHDVHLVKLJKHUDWORZHUYDOXHVRIJDV
VXSHU¿FLDOYHORFLW\IRUERWKFRQFHQWUDWLRQVRIDOFRKROV$OVRİgLQFUHDVHVZLWKLQFUHDVHRI
WKHQXPEHURI&DWRPVLQDPROHFXOHRIDOFRKRO$FWXDOO\DVHTXHQFHRIWKHFRUUHVSRQG-
LQJRYHUDOOJDVKROGXSYDOXHVLVDVIROORZVZDWHUPHWKDQROHWKDQROQSURSDQRO
nEXWDQROZKLFKLVLQFRPSOHWHDJUHHPHQWZLWKWKHUHVXOWVREWDLQHGE\RWKHUDXWKRUV
2EYLRXVO\DGGLWLRQRIDOFRKROWRZDWHUFDXVHVDGHFUHDVHRIVXUIDFHWHQVLRQVXSUHVVLRQRI
FRDOHVFLQJSURSHULHVRIZDWHUDIIHFWLQJSRVLWLYHO\WKHEXEEOHJHQHUDWLRQSKHQRPHQRQ74
&RUUHODWLRQV
Correlations developed by processing our data:KHQWKHVLPSOHVWSRVVLEOHIXQF-
WLRQZDVWDNHQDVDPDWKHPDWLFDOPRGHOIRUWKHUHJUHVVLRQDQDO\VLVDQGZKHQWKHSD-
UDPHWHUVZHUHGHWHUPLQHGE\SURFHVVLQJRXUH[SHULPHQWDOGDWD)LJZHREWDLQHGWKH
IROORZLQJFRUUHODWLRQ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7KHYDOXHJLYHQLQEUDFNHWGHQRWHVWKHDYHUDJHVTXDUHGGHYLDWLRQIRUWKHHPSLULFDO
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ZKHUHnUHSUHVHQWVWKHQXPEHURISRLQWVH[SHULPHQWDODQGFDOFXODWHGZKLOHNLVWKHQXP-
EHURISDUDPHWHUVLQWKHFRUUHODWLRQ+RZHYHUHTXDWLRQ>@LVWRRVLPSOHDQGGRHVQRW
WDNHLQWRDFFRXQWSK\VLFDOFKDUDFWHULVWLFVRIWKHV\VWHPLQVLGHWKHFROXPQ6RGHYHORSLQJ
FRUUHODWLRQVIRUWKHVROXWLRQVZLWKDOFRKROVDVWKHVXUIDFWDQWVZDVFRQWLQXHGE\LQFOXGLQJ
DQHZYDULDEOHVXUIDFHWHQVLRQLQÀXHQFLQJJDVKROGXSDVPXFKDVWKHJDVYHORFLW\%\
SURFHVVLQJWKHGDWDVKRZQLQ)LJZHGH¿QHGWKHFRUUHODWLRQZKLFK¿WVRXUGDWDPXFK
EHWWHUWKDQWKHSUHYLRXVRQH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+DYLQJLQPLQGWKDWWKHDGGLWLRQRIDOFRKROVFKDQJHVQRWRQO\VXUIDFHWHQVLRQRI
WKHV\VWHPEXWLWVRWKHUFKDUDFWHULVWLFVVXFKDVYLVFRVLW\PRUHFRPSOHWHFRUUHODWLRQLV
REWDLQHGZKHQ&DSLOODU\QXPEHULVWDNHQDVDTXDQWL¿HURISK\VLFDOSURSHUWLHVHIIHFWRQ
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Fig. 22YHUDOOJDVKROGXSDVDIXQFWLRQRIVXSHU¿FLDOJDVYHORFLW\75
WKHRYHUDOOJDVKROGXS$IWHUSURFHVVLQJWKHGDWDIURP)LJZHGHULYHGWKHIROORZLQJ
H[SUHVVLRQ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,IWKHGHQVLW\ZDVLQFOXGHGLQWKHPRGHOGLPHQVLRQOHVVHTXDWLRQSURSRVHGE\=RX
HWDOZDVREWDLQHG7KHHTXDWLRQZDVGHYHORSHGIRUSUHGLFWLRQRIJDVKROGXSLQD
EXEEOHFROXPQRSHUDWHGDWHOHYDWHGWHPSHUDWXUHVo&IRUWKHV\VWHPVDLUZDWHU
DLUDOFRKRODQGDLU1D&OVROXWLRQ,WVRULJLQDOIRUPFRQWDLQHGDFRUUHFWLRQIDFWRUZLWK
WKHOLTXLGYDSRXUSUHVVXUHWKDWFDQEHQHJOHFWHGZKHQWKHHTXDWLRQLVXVHGIRUGLOXWHGVROX-
WLRQVDWUHODWLYHO\ORZWHPSHUDWXUHV6LPSOL¿HGHTXDWLRQKDVDIRUP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:KHQDSSOLHGWRDVHULHVRIGLOXWHGDOFRKROVRXUGDWDLQ)LJDWo&o&DUDWKHU
VPDOOGHYLDWLRQLVIRXQGSURYLQJWKHDGHTXDF\RIHTXDWLRQ>@IRUWKHGLOXWHGVROXWLRQVRI
C1-C4DOFRKROV
7KHHTXDWLRQ>@FDQEHLPSURYHGE\LQWURGXFLQJPRODUZHLJKWUDWLRDOFRKROYHUVXV
ZDWHUZKLFKZLOOWDNHLQWRDFFRXQWWKHHIIHFWRIOHQJWKRIDOFRKROFKDLQRQWKHRYHUDOO
JDVKROGXS,QWKLVZD\DIWHUSURFHVVLQJWKHPHDVXUHGGDWD)LJDQHZFRUUHODWLRQ
ZDVGH¿QHG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,WHQDEOHVSUHGLFWLQJRIH[SHULPHQWDOJDVKROGXSYDOXHVZLWKDYHUDJHGHYLDWLRQDWD
OHYHORIV2 (ZKLFKLVEHWWHUWKDQWKHDYHUDJHGHYLDWLRQLQWKHFDVHRIRULJLQDO
HTXDWLRQ>@&RPSDULVRQRIRXUH[SHULPHQWDOİgYDOXHVDQGİgYDOXHVFDOFXODWHGXVLQJ
FRUUHODWLRQ>@LVSUHVHQWHGLQ)LJVKRZLQJDKLJKDJUHHPHQW
Fig. 3.([SHULPHQWDOHgYDOXHVYHUVXVHgYDOXHVFDOFXODWHGXVLQJFRUUHODWLRQ>@76
Correlations developed by processing other authors data and applied on alcohol 
solutions. ,WPLJKWEHLQWHUHVWLQJWRWHVWJRRGQHVVRIWKH¿WRIJDVKROGXSE\DSSO\LQJ
VRPHRIWKHZHOONQRZQFRUUHODWLRQVSUHVHQWHGLQ7DEOHHVSHFLDOO\LQWKHFDVHRIGLOXWHG
DOFRKROVROXWLRQV$OWKRXJKWKHFRUUHODWLRQVIURP7DEOHKDYHEHHQGHULYHGIRUEXEEOH
FROXPQVZLWKYDULRXVJHRPHWULHVZRUNLQJUHJLPHVVROXWLRQVHWFPDQ\RIWKHPDUHH[-
SHFWHGWRVKRZDFFHSWDEOHOHYHORIDGHTXDF\LQUHVSHFWRIWKHDYHUDJHGHYLDWLRQEHWZHHQ
WKHPHDVXUHGDQGFDOFXODWHGİgYDOXHV7KRVHİg±YDOXHVSUHVHQWHGLQ)LJZHUHWDNHQ
DVWKHPHDVXUHGRQHVZKLOHWKHDYHUDJHGHYLDWLRQVZHUHFDOFXODWHGE\HTXDWLRQ>@(DFK
FRUUHODWLRQIURP7DEOHJDYHWKHGHYLDWLRQDVDTXDQWL¿HURIWKHFRUUHODWLRQDGHTXDF\
:LWKLQWKH¿UVWJURXSRIFRUUHODWLRQVFRQWDLQLQJ%R*DDQG)UQXPEHUVXJJHVWHG
E\$NLGDDQG<RVKLGDDSSHDUHGWREHYHU\JRRGDOWKRXJKWKH\ZHUHGHULYHGIRUZDWHU
JO\FROVROXWLRQVZZZZDQGZZJO\FHUROVROXWLRQVZZ
ZZDQGZZPHWKDQRODQGVRGLXPVXOIDWHVROXWLRQPRO/-12WKHUFRUUHODWLRQV
IURPWKLVJURXSZHUHOHVVVXFFHVVIXOSDUWLFXODUO\WKDWSURSRVHGE\0RX]DHWDOZKR
FRPSDUHGWKHLURZQUHVXOWVZLWKWKRVHFDOFXODWHGE\DQXPEHURIWKHSURSRVHGHPSLULFDO
PRGHOVVXFKDV+LNLWDHWDO¿QGLQJFRQVLGHUDEOHGHYLDWLRQV
,QWKHVHFRQGJURXSWZRH[FHOOHQWFRUUHODWLRQVDUHSUHVHQWHGLQWURGXFHGE\+LNLWDHW
DODQGE\=RXHWDOWKHVHFRQGRQHZDVDOUHDG\PHQWLRQHGLQDSRVLWLYHFRQWH[W
$IWHUZDUGDJURXSRIFRUUHODWLRQVREWDLQHGE\FRPELQLQJSK\VLFDOSURSHUWLHVRIWKHV\V-
WHPVLQFOXGLQJVXUIDFHWHQVLRQZDVWHVWHG7KHEHVWDSSHDUHGWREHWKHFRUUHODWLRQSUR-
SRVHGE\+XJPDUNZKLFKZDVUHFRJQL]HGDVYHU\FRQYHQLHQWIRUGLOXWHGDOFRKROVROX-
WLRQV,WDGRSWVZDWHUGHQVLW\DQGZDWHUVXUIDFHWHQVLRQDVUHIHUHQFHYDOXHVWDNLQJLQWR
DFFRXQWWKHGHYLDWLRQRIGLOXWHGDOFRKROVIURPZDWHU$FFRUGLQJWRWKHDYHUDJHGHYLDWLRQ
WKHVHFRQGPRVWDSSURSULDWHUHODWLRQZDVSURSRVHGE\(OJR]DOLHWDO,WLVDSRZHUODZ
HPSLULFDOIRUPXODZKLFKFRQWDLQVNLQHPDWLFYLVFRVLW\DQGNLQHPDWLFVXUIDFHWHQVLRQDV
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